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I. ABSTRACT 
An optimum allocation model has been utilized to examine the existing 
allocation of highway segments to maintenance garages in the Hamlin study 
area. The model has also been used to evaluate the financi~l effect of 
closing the garage at Hamlin • 
. The examination of the study area shows that only three of 48 highway 
segments should be reallocated at an annual operational savings of 
approximately $1,400. 
The study concludes there would be an annual operational savings of 
approximately 128,700 if the garage at Hamlin were closed. 
1 
II. INtRODUCTION AND nsJECTIVES 
:A l-inear prograrrming model is used to optimally assign highway segments 
.tq ;highway maintenance garages, using existing facilities. The model is also· 
U;?~C1 to d~~ermine possible operational savings associated with closing the 
h1ghway ritafotenance garage at Hamlin. 
The study~ "Ari ~pt1mum Allocation Approach to Closing or ~elocating 
Highway 'Mairiten.ance Garages· in Iowa," (]_) had successfully identified a model 
teferred to as an "opt~ritum allocation model." This model ~as developed by 
utili~ing the highway maintenance-related data currently available at the Iowa 
,Depa.rtment of Transportation. It can optimally assign highway segments to 
ma.iht~ri.ance garages and evaluate the financial effect of closing or relocating 
specified ~aintenahce garages in a given study area. 
Th~ current project was undertaken at the request Of the Off ice of 
Miiih,tenahte. The objective of this study was to utilize the 11 opti111um 
iillbcation inodeli' to· examine the exi~ting, h,ighway maintenance garage locations 
in,J:laml i:r:i area. The. model was used to: 
1.. Op:t:imally. assign highway segments to maintenance garages in the study 
area·. 
2. E:v,aluate the finanti.al effect of closing the garage at Hamlin. 
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III. THE OPTIMUM ALLOCATION MODEL 
The following subsections describe the assumptions required by the 
optimum allocation model, the study area to be investigated using the model, 
and the steps necessary to get the type of data usable by the model. 
A. Assumptions 
1. For the purpose of this study and with the concurrence of the Office 
of Maintenance, highway maintenance vehicles are assumed to travel at 
average speeds of 35 mph for snow and ice control activities and 40 
mph for other maintenance activities. These average speeds are used 
to derive a weighted average speed which is then used to estimate 
travel times. 
2~ The highway maintenance cost associated with a route in a given 
maintenance area is assumed to be uniformly distributed along' the 
route. 
3. Any highway segment formed is represented by its midpoint. Thus the 
highway maintenance cost of a segment is assumed to be concentrated 
at its midpoint. Also, travel times are calculated from garages to 
midpoints of highway segments. 
·4. The travel times from garage 11 X11 to segment 11 Y11 and from segment "Y" 
to garage 11 X11 are assumed to be the same. 
5.' The cost of servicing a highway segment from a maint~nance g~rage is 
assumed to vary as a function of travel time between the garage and 
the segment. ·In the optimum allocation model, the relationship has 
been quantified by the use of "cost multipliers" UJ. 
6. The garages in the study area are assumed to have unlimited 
capacities. This mea~s the garages can be expanded, if necessary, to 
service all the segments optimally assigned to them. 
3 
1: ~fi~hev~f a garage relocatibn possibii1ty is studied, the 9arage 
dverhead cost before and after its relocaticin is. assumed. to be the 
same. 
-a~ Capiial cbsts and staffinO needs are not considered. 
1L _ study Area 
The study area for this project w_as. prov1ded by the Offke of 
Maintenance. The study area-is the Hamlin part of Iowa and is shown in 
Appendh< L It consists Of six "active" maintenance garages._ 
C. Source of Data 
The fiscal year 1982 labor and equipment costs for all the routes in_ 
the stu·dy area were Supplied by the Office of Maintenance. The overhead 
costs for the garages in the study area were also supplied by the same 
office. These costs are shown in App·endix 4. 
D. B_asJc :Maintenance and Bas.i c Overhead Costs 
The Ti seal year 1982 labor, equ iprilent and overhead costs were 
adjusted for inflation to reflect what these costs would be if the same 
maintenance activities were done in fiscal year 1983. The adjustments 
were made as shown. below. 
Labor 8% 
Equipment - 10% 
Overhead - - - - 8% 
These inflatirin rates were provided by the Office -of Maintenance. 
The 'infl at.ion..;adjusted labor and equipment -costs for a route were 
combined to 'a 'fOrm a single cost. This single cost was referred to as the 
"bas'fc maintenance" cost for that route. The inflation-adjusted overhead 
cost for a g·arag'e was simply referred to as the "basic overhead" cost of 
the garage. 
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The optimum allocation model requires knowledge of t~e overhead cost 
of each maintenance garage in the study area. Sometimes such data is not 
available because in certain maintenance areas the overhead costs for some 
garages are combined during the record-keeping process. In such 
situations it was recommended by the Office of Maintenance that the 
overhead costs of the garages involved be determined according to the 
relative percentages of the number of persons and/or th~ number of miles 
of highway associated with each garage. 
E. Highway Segments 
All the routes in each study area were broken up into suitable 
segments according to the following criteria: 
1. Segments should not be more than 25 miles long (per Office of 
Maintenance). 
2. Segments ~hould be reasonably short, so as to increase the accuracy 
of the inodel. 
3. Segments should be reasonably long, so as to minimize the c6mputation 
time involved and hence reduce the costs associated with the model. 
. -. . ~ '. : 
A total of 48 segments, ranging from one mile to 22 miles in·length, 
· were formed in the study area. These segments are shown in Appendix 2 . 
F. Weighted Average Speed 
The optimum allocation model is sensitive to small changes in speed 
(!), and thus is sensitive to small changes in travel time; For a given 
highway segment the travel time from a given garage to the segment is 
generally greater for snow and ice control activities than it is for the 
other maintenance activities. Consequently, it would be erroneous to use 
a "simple" average speed for all the maintenance activities. 
5 
T9. r;-"~.2Y.f.~ th is ty~.e of E:!tror, Nka.~sah (lnd. Baig 0) suggested that a 
''·.~~;)ig.~,!,~~·:. ~verage speed be u~~o.. That "weighte~·.~ speed is derived 
.. f;r9,w.,: 1~.e ~~·~.r::age ~p~~qs per,~a,ining to snow and icE! qmtrol activities 
·• ~~d. ~~·~. o.t.her. main~.en(lnc:e ~c~_i'{ities; and the relative percentages of snow 
.~r.q1 .. t~_E!, co.ri.~r;Ql actiy,i.t:ies ~n~·the 9th~r ma.intgnC}nc~ activi~i(!s.· 
ln this study a 11eighted average speeq;of.- 38 mph was used. It was 
~tt~r;irin,e9 a,~, shq~n belo\'/ (all data J:>r?v.ided, by the Offic;e·of 
~~Jn~~D.i~PEe): 
%. of snow and. ic~ control. actiyities 
·.:.· ,•i,.' h,i, '.,;, .. ,•'.: .... 
Average speeq for,. snow and ice. control: ac;tivities 
. ·' · .. , .. 
Avera.g~ sp~~<:f for oth~r ma i ntenC}nq~ (lCt i .v.i tJes 
T'1eref_o.~e, 
= 
= 
= 
W~}9~.t.~~-~<ly~ra._g:r s.P..~E!d = (0·~.425)(35.) + (Q.57.5)(40) 
= 14 .. 875. +. 23 
= 38. mph-. 
42.5% 
35 mph 
40 mph 
G. Travel.Time~Adjusted Costs 
• ... ·. -~ ~.\ '· .:·~- . . - : .... · ....... . 
O_n~: se~.0 of,. tr,a,~~r t i(l)E! __ s. c~.r.respqnd;.ng. tp · the,-. s·t.udy .. area was 
caJcula:te5'~':usi.ng.a. ~~jg~te~,.av.e.r.age spe,ed:of38 mph .. and the distances as ! ... ~\'". ···"!·' , __ ._.\.:_~:~ :_ .. ~.'!.!-,_~· .• ·t·-: ··_, :-...·-· ,. .... \"•.' ... , .. ~ -.-.. . . . 
s.~m~~·; i-n": th,~~~,.J.U.)Y·.1??1. M~)n·tf7na.nc:e;; A,~~a .RE!spo,nsibi l ity Maps (.f.). These 
travel.times were.then .. utiJ~zed tB adjust. the.basic maintenance costs of 
' .·.'~·"" : .. i.· .. ·->·'~:';· ~. ~,,,,., .. , ... ;. •,_--' :-.·~·~«- ···~~ '\.. '~ .: .-. '. · .. 
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IV. THE OPTIMUM ALLOCATION MODEL RESULTS 
The optimum allocati-0n mod~l was used to investigate the given study 
area. The following subsections describe the results obtained. 
A. Existing and Optimum Allocations 
The "existing allocation" refers to the curfent maintenance areas in 
- the study area. These maintenance areas were determined by the Office of 
Maintenance without the use of the optimum allocation model. These two 
allocations (existing and optimum) were compared on the basis of o~erating 
costs only. 
The operating costs pertaining to the optimum allocation were 
determined by applying the optimum allocation model to the study atea. To 
ensure compatibility in cost, the operating costs pertaining to the 
existing allocation were also determined from travel time-adjusted::· 
costs. In this case, however, the travel time-adjusted co·sts were'" -i. 
calculated by utilizing the cost multipliers cin'd;· the travel ·tiriieS~:.:as ·- ·. 
determined by the existing allocation system. A summary of the -results is 
shown in Table 1 on the next page. 
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SEGMENTS' REALtOCAJE!f .,UNDER. ,OPTIMUM ALLOCATION 
. IN' HAMLIN STUDY AREA 
dpt irrluiri Al foe at fem Cost Savings 
· · .Using 
~S,j'2wf~:!. Assighed to Gar.age a-t :. 
Operating 
Costs* 
;(Dol lar:s/Yr.) 
Optimum 
Allocation 
(Do 1.1 ars/Yr.) 
.:i6 
'·' -~ 
i7 
" 18 
· «Atl an"tic · 
·Atianlic 
·At.i antic. 
.-·~ i24 
·<.:• 
'20,743 
Adair 
Adair 
Aaair 
$ 120 
l9;66S 
5,320 
total = 
* . oper~ti h9 costs are bas"ed .on 'tr.ave·1 't 1rne"'"adju·sted costs. 
$ 4 
1,07.5 
310 
$1,389 
Tab le 1 'snows rinly .. t-~ree segments (segment Nos~ 16' 17 and 18) were 
;~a.11dcated 'urlder ·'bptimuhi a:iloc;a'tian 'procedures, resuiting -in annual savings 
;df 1~ppro'x'i.mKteiy 'ir{389~ 'rhis saviii!is is Very small. Tfiu·s, it can be 
fciri'c1.uei~<l Hta·t :th~ ~urrent -~-iiocati'On of ·fr1ghway 'segments to existing garages 
·within i'he ·study ar~'a q·5 :gOo'd ·:h;r "'h1 '.pr act ica 1 pifrposes. 
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B. Closing of Garage 
The optimum allocation model was used· to evaluate the financial .· 
effect of closing the garage at Hamlin. The results are shown in Table 2. 
TABLE 2 
COST ANALYSIS OF CLOSING HAMLIN GARAGE 
USING OPTIMUM ALLOCATION 
Operating Costs* 
(4) 
(2) (3) Increased 
Garage(s) Garage(s) Travel 
Not Closed Closed Cost (Dollars) 
lDollars) (Dollars) (3) - (2) 
(5) (6) 
Overhead Cost · Estimated 
of Garages Savings 
Closed · · (1983 Dollars) 
(Dollars) (5) - (4) 
A 11 Garages $938,360 
Hamlin . $951,394 $13,034 $41,757 $28,723 
* Operating costs are based on travel time-adjusted costs. 
Table 2 shows closing the garage at Hamlin increased travel cost by 
~pproximately $13,034 per year •. However, there is a cost savings of 
approximately $28,723 per year. 
The optimal assignment of highway segments to garages in the study area 
for the case investigated is shown in Appendix 5. 
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In this study an op~jmu111 allocati.on:;.,mo,del has·be.en.,us.ed to examine the· 
highway maintenance area. :served :'~Y?~~.~.ml:if'.lt;~,t,~PY,;~are~. 
"iffhe results show tb~~ the,ie~istjng :aJd_J:?<;~tJon of h:ighway,. s~gments to 
maintenance garages 1s. g9.C?d . .t.or all;.1 Pl".'~~t·i.~al ,p.urppses. · In ~a~t, only three 
of 4·8 .h jghway segmertt.s, were ~reaJJo.G.ated: ·.ug<;ier'._opt i!Jlum .proq~9ur~~. :·•r,esult i ng in 
an annua 1 operation a l.-1say.iing~·.~st,jmate.;, of.1:.;9pp.ro~:i1J1ate 1Yi~$h:_4QO. 
There wou 1 d be···.~nnua ~-,ope.r::at:.i.(;ma h.:$.<lV.j;p,gs:...:,e~~j!Jlp:te.:r.ofi.1:l~P.Prox·iJT1ate ly 
$28, 700 if 1: t.he .g,a.~~.ge.,fat:.1MamM n.-;)'f.er.e: cl 9~ .. ~q. 
These est:,im9t~c;t~9~nn~al .. qp.er{l·tSor:ia l,,;,~.gs t.~~.aYiLQg SJ;<lfeoi;J.~:~_p_5~.ot.:;to;~ the 
assumptions ~~nq ;,Jiim·i~~~t1t<;u;is·~of~1t,he >~:µ,ypy~_as :~d,+~-~Y~:sedni n_;}~_eG.ti_ons · Ii I ... A •... and 
VI., ·respect tye ly. 
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VI. LIMITATIONS OF STUDY 
The accuracy of the cost savings reported in this study,is subject to: 
1. The reliability of the historical cost data provided for use in this 
study~ 
2. The accuracy of the apportionment of an overhead cost in cases where 
two or more garages have a combined overhead cost. 
3. The accuracy of the average speeds of maintenance vehicles (for 
various maintenance activities) used to calculate the weighted 
average speed. 
4. The garage overhead costs before and after its relocation are assumed 
to be the same. 
5. Capital costs and staffing needs are not considered. 
; . 
···: _1, 
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Hamlin Study Area Showing 
· ·Existing Highway Segments Allocations 
WE BliS T t H 
Segment 
Served Location 
- Harlan {G1) 
.... Atlantic {G2) 
ooo Hamlin { G3) 
Carroll (G4) 
*** Adair(G5) 
ooo Guthrie Center (G6) 
Legend: 
• Existing garage 
G Garage number 
ca.-.-. Study boundary area 
1111111·1111 
-
.. 
'/ 
WOODBU RY 
A.-•~o" 
0 
...... 
Ul 
11111 
- - -n!l'2- .. =-
Hamlin Study Area Showing 
Optimal Highway Segments Allocations 
. Six Garages and 48 Highway Segments 
- ... 
Garage 
G1 
Location 
Harlan 
. Atlantic 
-
G2 
G3 Hamlin (to be closed later) 
G4 Carroll 
GS Adair 
GS Guthrie Center 
Legend: 
• Existing garage 
• Garage to be closed G Garage number 
= ! Highway segments 
....... ~ Study boundary area 
@-_ l_ _ -:.~m-:- ~ 
Gret"n Volley {o~e 
Srore Pori. 
UN I 0 N 
Afton 
§ 
Ar1~pe 
Tho)'• 
00 Segment number 
(Reallocated) 
... 
.... 
.O'I 
.. 
- ... - Al!flncftPJ - -Study Area Showing Optimal 
Highway Segments Allocations .. 
{Hamlin Closed) 
lohr ... ille 
§ 
I 
---- - -
Boxholm 
§i 
BO 
B< 
Segment 
served Location 
-
•••• 
*** 
Harlan (G1) 
Atlantic (G2) 
Hamlin ( G3 closed) 
Carroll (G4) 
Adair(GS) 
ooo Guthrie Center (G6) 
Legend: 
• 
• 
Existing garage 
Closed garage 
G Garage number 
......... Study boundary area 
-
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I 
I 
I 
I 
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I 
1·· 
I 
I 
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Location and 
· Number of Garages 
Carroll 
(3303) 
Adair 
(4401) 
Hamlin 
(4403) 
Atlantic 
(4404) 
Guthrie Center 
(4409) 
Harlan 
(4410) 
APPENDIX 4 
FISCAL YEAR 1982 
LABOR, EQUIPMENT AND OVERHEAD COSTS 
FOR THE ROUTES AND GARAGES IN HAMLIN STUDY AREA 
1982 Garage 
Related Costs 
(Dollars) 
$48,427. 
57,302 
41,757 
74,590 
48,561 
43,847 
Routes Served 
by Garage 
30 
71 
141 
161 
217 
236 
285 
286 
80 
925 
44 
71 
173 
6 
48 
71 
83 
92 
148 
173 
6,669 
4 
25 
44 
141 
37 
44 
59 
191 
1982 Labor 
Cost 
(Dollars) 
$29' 112 
29,558 
16,918 
.1,005 
552 
988 
33 
2,542 
106,405 
24,893 
23,018 
44,183 
3,887 
16,889 
7,895 
19,242 
19,608 
24,555 
13 '726 
5,691 
86 
4,504 
29,212 
24,856 
24,036 
19,170 
50,171 
23,214 
8,287 
1982 Equipment 
Cost 
(Dollars) 
$ 2,511 
24,951 
14,111 
788 
470 
1009 
37 
3·,034 
85,438 
20,240 
18,859 
3!3;204 
2,755 
. 16,325 
5~698 
29,947 
21~257 
23,972 
1~~522 
5;255 
.. : 46 
1~986 
20,486 
16,894 
16,197 
14.,621 
39,072 
19.,702 
6_;459 
Source: Office of Maintenance, Highway Division, Iowa Department of Transportation. 
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.~igN~~y 
Segment 
. No~ 
·-- ... 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
·14' 
15 
i6 17. 
., 
18 
19 
2Q 
21 
22. 
23 
24 
2K 
?6: 
27: 
28 
29 
30 
31 
32 
33 
34 
35 
36 .· 
3l'. 
38:;;· 
3Q;', 
4~o;·. 
41! 
42'· 
APPENDIX 5 
OPTIMAL ASSIGNMENT OF HIGHWAY SEGMENTS TO GARAGES 
' . . .· . IN HAMLIN STUDY AREA 
Garage 
61 G2 G3 G4 G5 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
X. 
x 
x 
x 
x 
x 
x 
x 
x3 x 
x3: x 
" 
'S3 x 
x 
x 
x x3 
x 
x 
x 
X. 
x· 
x 
x 
x 
x 
x 
x 
x 
x 
x 
18. 
G6 
x~ 
x 
x 
x 
x 
x 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I APPENDIX 5 (continued) 
Highway Garage 
I . Segment No. Gl G2 G3 G4 GS G6 
43 x 
I 44 x 45 x 
46 x 
I 47 x 48 x 
I 
I 
I 
I 
I 
I 
I 
0 
I 
I 
·1 
I Legend: x - Optimal Assignment of Segment to Garage xi - Optimal Assignment of Segment to Garage When Garage 11 i ,; Is Closed 
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Highway 
Segrrient . 
·No. 
16 
17 
18 
Length 
APPENDIX 7 
SEGMENTS REALLOCATED UNDER OPTIMUM ALLOCATION 
(HAMLIN STUDY AREA) 
Originally Optimally 
.of Segment Assigned Assigned 
{Miles} Route No. to to 
7 .23 6669 Atlantic Adair 
13.02 148 Atlantic Adair 
3. 76. 148 Atlantic Adair 
*Basic 
Maintenance 
Costs 
{1983 Dollars} 
,$ 144 
23,048· 
6,650 
* ·. 1983 labor and equipment costs based on the 1982 cost adjusted for inflation. 
23 
· Jfi:ghw,ay 
.s~eg!TJen,t · . 
.. , •. ,;'No •. 
i.9 
,20 
2i 
.;2·2 
23 
24 
. ,;,~pf>.E~foj x 8 
. 'SEGMENTS :REAl.:b9C~T~O. :.~NDFR ·OPTIMUM ALLOCATlbN 
· {HAMUN .GARAGE ·CLOSED:) 
i.ieii9th 
~·ot .;S'.egm~nt 
".,,\fMDe's'),. .... 
:~.<. ,.,:·,.'·.· 
'.9:~:.a2 
.. '..fo .• 41 
11:2~·63 
i~J.48 
.t55 
12/37 
. ·Raute.iNo:~­
'if.73 
·44 
:7'l 
:44 
.. 
·71 
il 
·· ·orlgi:nally 
·Assigned 
..:to ... 
Ham1 fo 
Hainliri 
:Hamlin 
HamHn 
Hamlin 
·i:tami rn 
24 
;'optjma l ly 
Assigned• 
.to 
.Harlan 
At l ant i'i:: 
· ·Guth.ri e Center 
Guthrie Center 
Carro 11 
*Basic 
:Maintenance 
Costs 
( 1983 Do 11 ars) 
$ 7,229 
23,869 
38,357 
21,735 
13 ,818 
37,568 
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